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there is little effect of dose fractionation or protraction (Sh66, Sh86a).This
appears to be true in Sprague-Dawley rats over the dose range of 0.28
to 4.0 Gy when the experiments are terminated at 10-12 months (Bo60,
Sh57, Sh86a). In life-span studies of Sprague-Dawley rats (Sh80) and rats
of the ACI strain (Sh82), inspection of the final numbers of animals with
neoplasms has suggested a linear dose response over the ranges of 0.28-0.85
Gy and 0.37-3.0 Gy of x rays, respectively. Because of the effect of dose
on the time of appearance of mammary neoplasms, more complex analyses
that included both tumor incidence and latency have been employed (Sh80,
Sh82). The results obtained are somewhat difficult to relate to human
data. The designs of rat experiments have differed from laboratory to
laboratory, hormonal manipulations were often used, experimental groups
were often small, and benign fibroadenomas were often grouped with
adenocarcinomas. The promotional effects of hormones on the induction
of fibroadenomas differ from those on the induction of carcinomas (C178,
Sh66, Sh82).

Ullrich's study of mammary carcinogenesis in otherwise untreated
BALB/c mice exposed to 137Cs gamma rays (low LET) at different dose
rates and different dose fractions revealed a linear-quadratic dose-response
relationship over the dose range 0-0.25 Gy administered at 0.35 Gy/minute
(U187b). The ratio of the linear to the quadratic dose term is very low,
2.3; that is, the dose at which the effects governed by the linear dose
component equals those governed by the quadratic function is 0.023 Gy
(U187b). When the exposures were delivered at a low dose rate of 0.083
Gy/day, the dose response followed the linear term. When a total dose
of 0.25 Gy was delivered in daily fractions of 0.01 Gy at a high dose rate,
the carcinoma response fell on the linear curve, but when the same total
dose was delivered in 0.05-Gy fractions at a high dose rate, the carcinoma
incidence fell near the linear-quadratic curve (U187b).

Although these experimental results with mice are of considerable
theoretical interest, their quantitative application to humans is problematic.
As noted above, of the recent analyses of breast cancer mortality among
irradiated women, only the Canadian fluoroscopy series (Mi89), with the
Nova Scotia series included, presented any evidence of a positive quadratic
component in the dose-response relationship. In that series, the ratio of
the linear to the quadratic coefficient derived from all of the combined data
is 205; and for those exposed to less than 6 Gy this ratio is 613 (Mi89).
These ratios are 89- and 266-times larger respectively than the ratios from
Ullrich's mouse data. Furthermore, the role of the mouse mammary tumor
virus or its genomic equivalent in radiogenic mammary neoplasia is not
clear (Sh86a). Thus, the nature of the dose response of mammary cancer
to low-LET radiation deserves continuing investigation with respect to its